Field experiments conducted on french bean (Phaseolus vulgaris L.) during rabi season (December to March) of 2013 revealed that a significant increase in pod yield, available soil nutrients were resulted from the application of biodegradable geotextile jute mulches of varying thickness (250, 300, 350, 400 and 500 gsm sheets). Highest pod yield of french bean was recorded in the thicker mulched plots i.e. in 500 gsm and 400 gsm jute mulches. Weed population was also successfully controlled by these jute mulches as these mulches were initially very hard to penetrate. In overall performance, higher weed control efficiency and lower weed index were resulted from mulched plots of varying thickness than bare soil. Regarding nutrient dynamics; soil organic matter pool, available nitrogen, phosphorus and potassium content were found to be significantly higher than normal non-mulched plot. The residual effect on capsicum during 2014 revealed overall increment of soil organic stocks and others nutrient pool. Yield of residual crop chilli was higher in the plots which were previously mulched. From nutrient status to weed control efficiency point of view 500 and 400 gsm mulch were found to be superior then jute mulches of other thickness.Geotextile mulch could be a viable ecofriendly technology which has enormous potential to play a key role in increasing the carbon stocks and increasing the crop yield due to suppression of weeds, and improvement of soil health particularly in dry-land agriculture.
Introduction
Geotextiles or Textile mulches are permeable fabrics made from polypropylene or bio-degradable materials like jute and other fabrics. These come in three basic forms: woven (resembling mail bag sacking), needle punched, or heat bonded. Organic amendments are also used as mulching materials (Quilty and Cattle, 2011; Diacono and Montemurro, 2010) . Mulching with synthetic (polyethylene film) or organic (crop residue) materials has been widely practiced in the production of commercial crops and vegetables including tomato, lettuce, and other vegetables (Albert et al., 2010) . The covering of the geo-textile mulches protect the soil from heavy raindrop impact and reduce the erosivity, velocity of runoff and wind by forming water stable aggregates (Wilson et al., 2009) . Dry areas where insufficient rain prevents the establishment of a ground cover before the onset of heavy rain or strong winds or where a cover crop competes for moisture with the main crop it is most useful as an alternative to cover crops (Garcia et al., 2010) . Textile mulching is a technique used to control weeds and more importantly, to prevent loss of soil moisture and promotes seedling establishment (Bu et al., 2013) mainly by reducing the soil surface exposure to direct solar radiation. This is particularly important in dry lands, where drought is frequent (Bezborodov et al., 2010) . Mulching affects soil organic matter (SOM) through decomposition and soil moisture preservation (Jordan et al., 2011) . The materials used in organic mulches contain a high percentage of organic matter (Quilty and Cattle, 2011) which can be incorporated in soil and improve soil properties including the size and activity of the soil microbial community (Doran, 1980; Manojlovic et al., 2010) . There is little information regarding the effects of various mulching practices on nutrient use efficiency (NUE) and N dynamics (Azeez and Van Averbeke, 2010; Sharma and Behera, 2009) . Understanding the accumulation and utilization of plant N and the associated soil mineral N dynamics under mulching conditions are essential to help guide further improvements in crop yield and N management strategies of dry land agriculture. In view of the above considerations field experiments were undertaken with the objectives to study the effect of geo-textile jute mulches on yield of french bean (Phaseolus vulgaris L.) and its residual effect on yield of capsicum (Capsicum annum L.) with emphasizing on the availability of major plant nutrients and its efficacy in controlling weed population in dryland areas.
Materials and Methods

Experimental site
The field experiments were conducted at the Agricultural Research Farm, Institute of Agriculture, Visva-Bharati University, Sriniketan (23° 39' N and 87° 42' E) . The treatments comprised of different thickness of jute mulch prepared by ICAR -NIRJAFT, Kolkata viz., 250 gsm (T 2 ), 300 gsm (T 3 ), 350 gsm (T 4 ), 400 gsm (T 5 ), 500 gsm (T 6 ) along with no mulched plot (T 1 ) without having any mulch. The pod weights recorded from the harvested samples of the net area earmarked for yield estimation were used for determining the grain yield in kg ha -1 .
Chemical analysis
The soil texture and pH (1:2; soil:water) were measured as per Bouyoucos (1951); Jackson (1973) respectively. Soil organic carbon was determined by wet digestion method of Walkley and Black (1934) as described by Jackson (1973) . Available soil nitrogen was estimated by alkaline potassium permanganate method as outlined by Subbaiah and Asija (1956) . Available phosphorus content of soil samples was estimated by Bray's No. 1 method (Bray and Kurtz, 1945) using spectrophotometer. Available potassium of soil samples was determined in soil: neutral normal ammonium acetate extract (1:5) of the soil using flame photometer (Jackson, 1973) . Available sulphur in the soil was extracted using 0.15% calcium chloride (CaCl 2 ) solution (Williams and Steinbergs, 1959) . . Counts of grasses, broad leaved and sedge weeds were separately taken and their sum was used to obtain total weed population. Weeds were cleaned by washing, kept in sunlight for few hours and were kept in a hot air oven for drying at 72 °C for 72 hours or more till constant weights were recorded. Samples were kept in desiccators for cooling in dehumidified condition and their dry weight was recorded with an electronic balance. Weed control efficiency was calculated using the population of weeds. It was worked out from reduction in weed population due to weed control method over unweeded check by using the following formula and expressed in percentage.
Biometric observation on weeds
Where, WCE=Weed control efficiency WPC=Weed population in control plot WPT=Weed population in treated plot WPC-WPT × 100 WPC WCE = Weed index was determined by using the following formula and expressed in terms of percentage. 
Statistical analysis and interpretation of data
The data collected from the experiment at different growth stages were subjected to statistical analyses as described by Gomez and Gomez (1984) . The level of significance used in "F" and "t" test was p=0.05. Critical difference values were calculated wherever the "F" test was significant.
Results and Discussion
Soil nutrient status
Organic carbon
The result of the experiment indicated that the thickness of the mulch had significant effect on organic matter status of soil. At 30 DAS, the highest organic carbon content was recorded in treatment having 500 gsm mulch and was significantly greater than all other treatments except the treatment 350 gsm mulch and 400 gsm mulch with which it was statistically at par. The lowest organic carbon content (0.38%) was observed in no mulch. Similar trend was observed at 60 DAS of the crop. The highest level of soil organic carbon content (0.68%) was found in treatment having 500 gsm mulch which was statistically at par with treatment 400 gsm mulch and 350 gsm mulch availability of nitrogen (179.72 kg ha -1 ) was recorded with the treatment of 500 gsm mulch which was statistically at par with 400 gsm mulch and 350 gsm mulch. The lowest available Nitrogen (128.56 kg ha -1 ) was recorded in no mulch which was statistically at par with treatment 250 gsm mulch and was significantly lower than all other treatments. Soil available nitrogen is closely related with plant uptake and optimum soil moisture availability. In dryland areas, in addition to the direct restrictions on crop growth, water deficit can also indirectly decreases soil nitrogen availability (Bu et al., 2013) . ) was obtained from no mulch which was significantly lower than all other and was significantly greater than all other treatments. The minimum value was obtained from no mulch plot which was statistically at par with treatment 250 gsm mulch and significantly lower than all other the treatments. Even in 90 DAS of the crop the highest level of soil Organic Carbon Content (0.72%) was found in 500 gsm Mulch and treatment 400 gsm whereas the lowest level (0.30%) was recorded in the no mulch treatment. The increase of organic carbon in the geo-textile jute mulch treatments under consideration was probably a consequence of the organic material added with exhausted mulch. Similar observation was recorded for the increase of organic carbon by Jordan et al., (2011) (Table 1) 
Available phosphorus
Available nitrogen
The maximum available nitrogen level (177.46 kg ha -1 ) at 30 DAS was found in treatment 500 gsm, which was statistically at par with the geo-textile mulch treatments, 400 gsm and 350 gsm, respectively. The minimum value (137.59 kg ha -1 ) was recorded in no mulch plot which was statistically at par with treatment 250 gsm mulch and 300 gsm mulch. Similar trend was observed at 60 DAS of the crop French bean. The highest level (185.12 kg ha -1 ) was registered in treatment having 500 gsm geo-textile mulch which was statistically at par with treatment 400 gsm geo-textile mulch and significantly greater than all other treatments. The minimum value was obtained from no mulched which was statistically at par with treatment 250 gsm mulch and significantly lower than all other treatments. At the time of harvest the highest Sharma and Parmar (1998) . It showed that the moisture conservation was another factor contributing to increased phosphorus use efficiency.
Available potassium
Significant improvement in the status of available potassium in soil over no mulch was registered due to geo-textile mulches in French bean. At 30 DAS, the highest available Potassium (146.42 kg ha -1
) was recorded from plot where 500 gsm thick jute mulch (geo-textile) was applied and it was significantly greater than all other treatments and statistically at par with 350 gsm and 400 gsm mulched plot. The minimum available K (92.497 kg ha -1 ) was observed in the plot which was devoid of any mulch. There was an increasing trend in availability of Potassium with the increasing thickness of jute mulch application. Similar trend was observed at 60 DAS of the crop. Highest available Potassium (185.125 kg ha -1 ) was obtained from the plot with 500 gsm thick jute mulch and it was significantly higher than all other treatments and statistically at par with 400 gsm jute mulch. Low available potassium (103.87 kg ha -1 ) was observed in the no mulched plot which was devoid of any type of mulch and was statistically at par with plot having 250 gsm jute sheet. Even at 90 DAS, highest Potassium (157.175 kg ha -1 ) was obtained from treatment with 500 gsm mulch which was statistically at par with 400 gsm mulched plot. It is interesting to note that the availability of potassium was high at 60 DAS irrespective of treatments than 30 DAS and 90 DAS.
Yield of french bean
The lowest amount of yield was recorded in the no mulch plot (939.25 kg ha -1 ) which was significantly lower than all other the treatments except treatment with 250 gsm mulch with which it was statistically at par. Maximum yield (3215.25 kg ha -1 ) was recorded in 500 gsm mulch plot which was statistically at par with treatment 300 gsm Mulch plot. As early as 1942, researchers found that mulched trees grow 67% better than that grows on bare soil (Hopp and Posey, 1942) . Since then many others have shown yield increments of plants as a result of mulching with appropriate materials (Tilander and Bonzi. 1997 and van Nierop and White, 1958) . The superiority of thicker bio-degradable mulch treatments over treatments of thinner or no mulch in our experiment might be due to the beneficial effect of increased moisture, increased organic matter and nutrient status with high weed control efficiency. This result was in accordance with the results of Verdu and Mas (2007) .
Weed density and population
The lowest density of ) at 30 DAS was found in Treatment with 300 gsm Mulch, 350 gsm Mulch, 400 gsm Mulch and 500 gsm Mulch and was significantly lower than all other the treatments. At 60 DAS the lowest density of BLWs (1.25 no. m -2 ) was in 500 gsm Mulched plot which was significantly lower than all other treatments. The highest weed density of BLWs both at 30 and 60 DAS was in no mulch plot due to non-availability of any type of mulching material. The density of sedges also followed more or less same pattern as that of BLWs. The highest density of sedges (4.27 no. m -2 ) was recorded at 30 DAS was in treatment with no mulch which increased to 42 no/ m 2 at 60 DAS. The lowest density of sedges at 30 DAS (0.707 no. m -2 ) was found in treatment with 350 gsm Mulch, 400 gsm Mulch and 500 gsm Mulch plot, whereas at 60 DAS the lowest density was in Treatment with 500 gsm Mulch. Grasses also followed the same trend as BLWs and Sedges. The lowest density (0.707 no. m ) at 30 DAS was found in no mulch plot which increased to 43 no. m -2 at 60 DAS and was significantly greater than all other treatments. Mulching as a mean for landscape weed control is highly effective, though the mechanism(s) responsible for control are not completely understood for all mulch types. Nearly all mulches reduce light, which will stress existing weeds and prevent the germination of many weed species, especially those with small seeds. The physical bar emerging, though this effect is temporary and disappears as mulches decomposed. Additionally, the protected soil habitat created by the use of mulches can increase beneficial organisms that prey upon weeds or eat their seeds. The weed population in our experiment was significantly less in mulched treatment compared to the non-mulched one as the mulches reduced light, which stressed existing weeds and prevent the germination of many weed species, especially those with small seeds. The physical barrier created by mulches prevented weeds from emerging, though this effect was temporary and disappeared as mulches decomposed. The similar observation was registered by Wilen et al. (1999) .
Weed control efficiency (WCE) and weed index (WI)
At 30 DAS Weed Control Efficiency for BLWs was highest in Treatment with 300 gsm Mulch, 350 gsm Mulch, 400 gsm Mulch and 500 gsm Mulch followed by 250 gsm Mulched plot and for both grasses and sedges. WCE was highest in 350 gsm Mulch, 400 gsm Mulch and 500 gsm Mulch followed by 300 gsm Mulch and 250 gsm Mulch. The trend of weed control efficiency at 60 DAS revealed a decreasing tendency on decreasing the thickness of geo-textile mulch. The highest WCE was observed in Treatment with 500 and 400 gsm mulch followed by 350 and 300 gsm mulch plot. The lowest WCE was observed in case of treatment with no mulch and with 250 gsm mulch due to high weed density. Lowest weed index (0%) was recorded in treatment with 500 gsm mulch followed by 37.93% in 300 gsm mulch, 46.15% in 400 gsm mulch, 49.98% in 300 gsm mulch and 59.02% in 250 gsm mulch. Highest weed index (70.787%) was observed in the treatment without having any mulch cover (Table 2) . The highest Organic Carbon Content (0.30825%) is recorded in Treatment having 500 gsm mulch and it was significantly greater than all other treatments except the treatment with 350 gsm mulch and 400 gsm mulch with which it was statistically at par. The lowest Organic Carbon Content (0.1835%) was observed in no mulched plot which was significantly lower than all other the treatments. The highest nitrogen (51.816 kg ha -1 ) was found in 500 gsm Mulched plot which was significantly higher than all other the treatments ( Table 3 ). The lowest amount of soil available Nitrogen (33.62 Kg ha -1 ) was recorded in treatment with no mulch which was ) was recorded in 500 gsm mulched plot which was significantly higher than all other the treatments except treatment with 350 gsm mulch with which it was statistically at par. Similar trend was observed in case of soil available Potassium. The highest level (137.0515 kg ha -1 ) was found in the treatment having 500 gsm mulch which was statistically at par with treatment with 350 gsm mulch and 400 gsm mulch and significantly greater than all other treatments. The minimum value (94.15 kg ha -1 ) was obtained from no mulched plot which was statistically at par with treatment having 250 gsm mulch & significantly lower than all other the treatments. Organic mulches decompose over time and require periodic reapplications, but they provide organic matter and nutrients to the soil and enhance soil particle aggregation and water-holding capacity (Merwin et al., 1995, Verdu and Mas, 2007) . In our experiment, geotextile jute mats of different thickness were used and French bean (Phaseolus vulgaris L.) was grown as direct crop and after biodegradation of geo-textile mats Capsicum (Capsicum annum L.) was grown as residual crop. The trend showed that the nutrient availability in Treatment having 500 gsm mulch was higher than others as jute mulches decompose under appropriate water and temperature levels, nutrients are released into the soil and become available for root uptake or microbial use. The findings are in conformity with the findings of Chalker-Scott (2007) . Highest yield of Capsicum was recorded in 500 gsm mulched plot which was significantly higher than every other treatments.
Conclusion
The organic carbon pool was increased from 0.38% to 0.72% in 500 gsm mulch. Available N, P 2 O 5 and K 2 O was increased from 129.52, 26, 100.8 (kg ha ) was obtained in that treatment. Also higher weed control efficiency of 94.05% and zero weed index was recorded. So 500 gsm mulch was found very effective among the geotextile jute mulches of other thickness.
Acknowledgement
We are thankful to ICAR-National Institute of Research on Jute and Allied Fibre Technology, Kolkata, India for providing geotextile jute mats and the partial financial assistance under 'Development, application and techno-economic analysis of crop specific agro-textiles' program to carry out the research work.
